The fungus Paecilomyces has not yet been considered a health problem in laboratory animals. However, this agent known as a 'spoiler' of fruit beverages and other foodstuffs is an opportunistic pathogen especially in immunocompromised humans. Since 1985, we have isolated Paecilomyces, most probably P. variotti, from six laboratory animal species, mainly rats. In about 90% of cases the organism was localized in the respiratory tract and there are some other findings favouring the hypothesis of an airborne infection. During this long observation period no consequences for the health of rats in one closed 'infected' SPF breeding unit tA) could be observed. In a controlled histological study on five infected rats, no lesions attributable to this mycotic agent could be detected. However, a self-limiting spontaneous outbreak of papular skin lesions associated with Paecilomyces was observed in a breeding colony IF) of hairless mice. The role of this fungus in an acute outbreak of respiratory signs in another colony of conventional rats (B) was considered to be secondary. Bearing in mind its occasionally harmful role in humans, relatively high resistance to disinfectants and toxigenicity, this new agent should be monitored and considered a potential health risk for laboratory animals.
Summary
The fungus Paecilomyces has not yet been considered a health problem in laboratory animals. However, this agent known as a 'spoiler' of fruit beverages and other foodstuffs is an opportunistic pathogen especially in immunocompromised humans. Since 1985, we have isolated Paecilomyces, most probably P. variotti, from six laboratory animal species, mainly rats. In about 90% of cases the organism was localized in the respiratory tract and there are some other findings favouring the hypothesis of an airborne infection. During this long observation period no consequences for the health of rats in one closed 'infected' SPF breeding unit tA) could be observed. In a controlled histological study on five infected rats, no lesions attributable to this mycotic agent could be detected. However, a self-limiting spontaneous outbreak of papular skin lesions associated with Paecilomyces was observed in a breeding colony IF) of hairless mice. The role of this fungus in an acute outbreak of respiratory signs in another colony of conventional rats (B) was considered to be secondary. Bearing in mind its occasionally harmful role in humans, relatively high resistance to disinfectants and toxigenicity, this new agent should be monitored and considered a potential health risk for laboratory animals. .
Keywords
Fungus; Paecilomyces; SPF rats; respiratory tract; isolation; histology Members of the genus Paecilomyces are saprophytic imperfect moulds (Barnett & Hunter 1972) . They occur worldwide in the soil and in damaged fruits (Samson & van Reenen-Hoekstra 1988) but can invade animals and man occasionally, especially immunocompromised patients. General systemic infections with Paecilomyces have been reported in the armadillo (Gordon 1984) , tortoise (Heard et a1. 1986 ) and crocodile (Maslen et a1. 1988 ) but seem to be rare in dogs (Littman & Goldschmidt 1987 ) and immunocompromised humans (Murciano et a1. 1990 ). However, there are several case reports of infections with differ-Correspondence to : Dr Ivo Kunstyi, ZentraIes TierIabor der MHH, Germany Accepted 10 June 1996 ent species of Paecilomyces of skin (Jade et a1. 1986 , Naidu & Singh 1992 , eyes (Gordon & Norton 1985 , Levin et a1. 1987 , D'Mellow et a1. 1991 , Hirst et a1. 1992 , upper (Rowley & Strom 1982 , Thompson et a1. 1988 ) and lower respiratory tract (George et a1. 1991 , Byrd et a1. 1992 , and in an allergic/asthmatic syndrome (Wilhelmsson et a1. 1984 , Bryant & Rogers 1991 in humans. Also, humans after surgery are at risk from paecilomycosis (Kalish et a1. 1982 , Sherwood & Dansky 1983 , Ho et a1. 1986 , Castro et a1. 1990 , Nankivell et a1. 1991 , Eisinger & Weinstein 1991 , Marzec et a1. 1993 . Reports on the occurrence of these moulds in laboratory animals are, to our knowledge, lacking.
We detected Paecilomyces in our SPF rats for the first time during the routine monitoring of SPF-status in 1986. As this was not an isolated case and the colony morphology of this fungus differed from that of known dermatophytes Trichophyton and Microsporum (Kunstyi & Friedhoff 1980), we forwarded the fungus-isolate to a reference laboratory (Prof. Bohm, Hannover School of Veterinary Medicinel where it was identified as Paecilomyces sp. Meanwhile, this fungus established itself as a permanent member of the microflora of our SPF rats: it can be isolated in about 44% of monitored animals behind the barrier, although neither clinical signs nor pathological lesions have been detected until now. Previously, in 1985, a small outbreak of mild skin lesions was observed in a SPF colony of hairless mice where about 10% of animals developed white foci of about 1-2mm diameter on the back and neck. Affected animals were eliminated and the outbreak subsided spontaneously in a few weeks.
We report here on the clinical signs, prevalence, organ localization, diagnosis and histology of Paecilomyces sp. in two SPF breeding colonies of rats, and on the occasional occurrence in other facilities and in other animal species.
Materials and methods

Animals.
Rats of facility A (Kunstyr) were from barrier maintained breeding unit comprising 10 rooms, containing on average 15 Kunstyr et al. inbred and outbred rat strains. For maintenance conditions see Kunstyr et al. (1980) . Regularly performed monitoring of the microbiological status corresponded in general to the FELASArecommendations (Kraft et al. 1994) .
Rats of facility B (Bitzenhofer) were from an experimental colony of Sprague-Dawley, ex-SPF rats, kept in three rooms under 'clean conventional conditions' monitored occasionally for latent viruses (serology: V. Kraf, Zentralinstitut fur Versuchstierzucht, Hannoverl·
Hairless mice of facility F (Pitermann) were from a barrier maintained breeding unit containing about 200 mice.
Other mice, one guineapig, two hamsters, two rats and two pigs in which the fungus was also detected were kept in experimental colonies under clean, conventional conditions in facility A and in facilities C, D and E ( Table 1) .
Detection of the fungus. In colony A, since 1986, Paecilomyces sp. was detected repeatedly by two step cultivation of organ samples, for example trachea or lungs, taken during necropsy using thioglycollate broth and blood agar ( Fig. 1 ) as well as Sabouraud agar (all Oxoid, Englandl. Incubation at 37°C was relatively long: 3-5 days for the first (thioglycollate) and 1-3 days for the second cultivation step (agar platesl. An incubation temperature of 37°C during the second cultivation step (on agar plates) was found to be more appropriate (colonies were largerj . than the 29°C preferred by dermatophytes.
In colony B, where the rats became ill, laboratory examinations (necropsy, pathology, serology, mycology I initiated after detection of clinical signs (sneezing, coughing) took place in specialist laboratories and, in part, in the laboratory of the first author. Medicine (Institute for Microbiology, Prof. B6hml. Thenceforth, because of its typical growth characteristics after 3-5 days incubation in enrichment thioglycollate broth, colony morphology and bright greenish colour on Sabouraud agar plates (afer 1-3 days incubation at 37°C) identification was based upon appearance (Figs 1 and 2j . This was the case for all fungus isolates from facilities B, C, D and E.
One isolate was sent to the Mycological Reference Laboratory IBaam, The Netherlandsl where it was identified as Paecilomyces variotii Bain.
Histology. Organ samples (trachea and lungs) taken from five culture positive and five negative SPF rats from facility A were fixed in 10% of neutral formalin, processed by standard paraffin technique and histological sections of 4-6 pm thickness were stained with HE and PAS reaction. In addition, some sections of lungs were stained with Giemsa solution. In hr/hr mice [colony F), Grocott stain was also used.
Results
Carriers of the fungus. Between August 1986 and February 1995, we identified the fungus Paecilomyces during routine monitoring in 138 laboratory animals of six species (Table II , most often in rats (99) including 94 from one SPF breeding unit (AI. One hundred and twelve animals originated from the SPF and conventional sections of facility (A), 4 originated from 2 other facilities of conventional hygienic quality in Germany IB,C),and 1 from an SPFbreeding unit in Switzerland (E). One experimental hamster was kept under clean conventional conditions (facility OJ.
The most common organ system infected in all animal species was the respiratory tract (nearly 90%). The fungus was also isolated but less frequently from the conjuctiva, liver and spleen [Table 21 .Besides skin in hairless mice, the second most frequent location (6/14) in mice was the genital mucous membrane.
Distribution of the fungus within one SPF unit. The detection rate of the fungus "Samples of liver and spleen were incubated together routinely in one tube of enrichment medium Table 2 Organ sites of Paecilomyces detection in 94 SPFrats (57 males and 37 females) in facilityA during the routine monitoring in a closed SPF rat breeding unit (A) comprising 10 rooms} fluctuated during the 8.5 year period between 1/3 and 2/3} the cumulative infection rate being 44%. The infection progressed slowly and eventually the fungus could be detected, with variable frequency, in all rooms. Strain, sex and age dependency could not be detected.
When searching for the source of the infection} the fungus was detected repeatedly in small food pellet crumbs hidden in the small floor gaps in the vicinity of the autoclave on both the 'dirty' and the 'clean' side of the hygiene barrier. Pathology. During the single short outbreak in hairless mice in 1985 (colony F), papular mild dermatitis} visible as prominent} well demarcated white spots of about 1-2mm diameter scattered in the skin, of the back and neck (Fig. 3 )}followed by spontaneous healing} was observed in about 20 animals.
In the years 1986 to 1990} organ samples from some fungus carriers} mainly rats, were examined by routine histological methods} with negative results} as was the result of the double blind histological study on ten rats performed in December 1994. No pathological changes related to mycotic infection were observed in the trachea and lungs of either positive or negative rats. No fungal structures were apparent in the slides stained with PAS reaction. In the alveoli and the lung interstitium of all rats, some macrophages were found containing PAS positive material in the 
Symptoms.
In one colony IF) of hairless mice} paecilomycosis occurred as mild papular dermatitis (see Pathology). In all cases of fungus detection in rats in facilities A}C} and E and the hamster in 0, neither clinical signs nor pathological changes could be found. Three positive rats from facility B (conventional), sent for confirmation of the diagnosis }paecilomycosis}, were also without symp-toms} but several other rats} following an outbreak in this facility} had respiratory signs, i.e. cough} sneezing and dyspnoea. None died. During this short outbreak two fungal agents were detected; Paecilomyces sp. from the respiratory tract and bedding, and Aspergillus sp. from mouldy pelleted food. In the pellets the mycotoxin} aflatoxin B}was detected Table 3 Prevalence of different Paeci/omyces species with medical relevance water from distribution systems. The concentration of fungal elements in chlorinated water was even higher than in unchlorinated water (Nagy & Olson 1982) . This makes the central distribution of drinking water for laboratory animals disadvantageous. Under such circumstances it is surprising that the fungus was not detected in laboratory animals until now, or at least, that such conditions have not been published.
Like other fungi, Paecilomyces does not have specialized nutritional requirements. It can utilize fruits, food pellets (Samson & van Reenen-Hoekstra 1988) and occasionally act as an opportunistic pathogen in immunocompromised humans (Gemeinhardt 1976 ). From 12 different species of the fungus identified in humans (Table 31, in 67 case reports published in the last ten years, the most frequent was Paecilomyces variotii (Table 3 ). This species, was detected in the upper respiratory tract of healthy SPF rats (colony A) in the present study and was the most common species of the genus Paecilomyces, in six laboratory animal species (Table   11 . Nothing is known about host specificity of these fungi. The prominentlocation (nearly 90%) was the respiratory tract. The skin in hairless mice and the genital mucous membrane in other mice were noteworthy additionallocations. cytoplasm. Mild oedema of the perivascular connective tissue and slight infiltration with mast cells were standard findings. In all animals examined, alveolar walls were mildly infiltrated with round cells, predominantly lymphocytes (Fig. 4 ).
Discussion
Fungi of the genus Paecilomyces are, like other fungi, for instance Aspergillus, distributed worldwide. Their relatively high resistance to disinfectants facilitates their spread. A strain isolated from a case of nosocomial ophthalmomycosis resisted 10 min treatment with 0.5% peracetic acid; it was devitalized only after 30 min (Volna & Maderova 1990 The fungus can be identified according to cultural characteristics on agar plates and microscopical morphology (Samson & van Reenen-Hoekstra 1988) .For detection in humans serological procedures, for instance ELISA,are also used (Eduard et al. 1992) .
The presence of the fungus in one SPF breeding unit (rats and mice) could be traced to remnants of food pellets in the floor gaps in the vicinity of the autoclave on both sides of the hygiene barrier. As the fungus was certainly killed by autoclaving (indications from the literature and from two of our own experiments with fungus on Sabouraud plates), its presence behind the barrier may be connected with personnel acting as passive carners.
In some air samples from the ventilation system of SPF units in an experimental colony at the German National Cancer Institute in Heidelberg, high concentrations of Paecilomyces were found (Nicklas, personal communication). During the dermatitis outbreak in hairless mice (colony F) in 1985 in Dusseldorf, the source of infection could not be determined. No attempts were made to detect the fungus in the air or in the food. As hairless mice are immunologically competent, the failing mechanical barrier of hair may be the supposed predisposing factor for skin paecilomycosis.
This fungus is not included in the list of pathogens undesirable in SPF animals (Kunstyr 1988) .The interpretation of its role, especially in animal units with a high hygienic standard, is difficult. We did not observe any pathological changes characteristic of a common mycotic infection in 'positive' rats. We cannot, therefore, declare this fungus an opportunistic pathogen as in humans.
Some histological findings suggested mild viral infection. However, due to the fact that alllD rats used in the histological study were of SPF quality and periodic serological examinations for latent viral antigens were repeatedly negative, two other possibilities should be considered: the animals could have been infected with a virus that has not been detected in the routine serological examination (improbable) or the observed changes could have been the result of some hyper-sensitivity reaction (mast cells, perivascular oedema) to some antigens, including Paecilomyces sp. or to some undefined chemical substances. As the majority of fungal strains produce toxin (Miakami et a1. 1989) this supposed chemical substance could be paecilotoxin. [Gemeinhardt (1976) reported that P. variotii produces the toxin byssochlamin acid.) However, this is not in accordance with the fact that the pathological changes were observed in both fungus positive and negative, animals.
We think that the outbreak of respiratory symptoms in conventional rats from facility B was caused by aflotoxins from Aspergillus detected in food pellets rather than by Paecilomyces which was isolated from the lungs of these rats. However, it cannot be excluded that Paecilomyces was an aggravating factor contributing to the clinical picture or that the symptoms were the result of synergism of the two agents.
Due to worldwide spread, high resistance, toxin production and occasional pathogenicity in immunocompromised humans, the fungus Paecilomyces should be monitored in SPF animals. It is a candidate for the list of facultatively pathogenic agents in laboratory animals.
